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Open techniques for arch vessel reconstruction
during thoracic endovascular aneurysm repair
(TEVAR)
Raghuveer Vallabhaneni, MD, and Luis A. Sanchez, MD, St. Louis, MoOver the past several years, the use and applications of
thoracic endovascular grafts have increased significantly.
There are now three FDA approved devices for thoracic
endovascular aneurysm repair (TEVAR) available in the
United States. These new devices have allowed us to ex-
pand the number of patients as well as the conditions we
treat with this technology. However, many patients are not
candidates for traditional endovascular repair because of
unsuitable anatomy for use of these devices. Commonly,
this is due to an inadequate proximal landing zone on the
aortic arch. The recommended proximal landing zone for
thoracic endograft devices is typically 2 to 3 cm of seal. To
achieve this proximal landing zone, up to 40% of thoracic
aneurysmsmay require coverage of critical supra-aortic arch
vessels including or proximal to the left subclavian artery.1
In this article, we will discuss the open surgical alternatives
and techniques available in managing the proximal arch
vessels in patients who have complex thoracic aortic anat-
omy.
THORACIC ANEURYSMS ENCROACHING OR
INVOLVING THE ORIGIN OF THE LEFT
SUBCLAVIAN ARTERY
There has been considerable debate over the safety of
coverage of the left subclavian artery.2-6 The Society for
Vascular Surgery® (SVS) suggests routine preoperative re-
vascularization for all elective TEVAR patients.7 There are
many ways to revascularize the subclavian artery depending
on the individual patient’s anatomy. The operations most
commonly performed in these situations are transposition
of the subclavian artery to the carotid artery or a carotid-
subclavian bypass using a prosthetic graft. Both of these
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doi:10.1016/j.jvs.2010.06.146have excellent long-term outcomes with long-term patency
of carotid-subclavian bypass being 86% and subclavian-
carotid transposition approaching 100% in the hands of
experienced surgeons.8-12 Bypass with prosthetic grafts
should be performed in patients with very proximal verte-
bral artery takeoffs, which prohibit subclavian artery tran-
section proximally through a supraclavicular approach (Fig
1). A bypass procedure should also be preferentially used in
patients who have a patent coronary bypass graft originat-
ing from the left internal mammary artery to help prevent
coronary ischemia during clamping. Axillary-axillary artery
bypasses and subclavian-subclavian artery bypasses have
also been described in the literature for revascularization.13
A type II endoleak may occur if the subclavian artery is
not ligated proximally during revascularization. Carotid-
subclavian bypass allows left brachial access to the aorta,
which may be useful for embolization of the subclavian
artery after coverage with an aortic endograft. In emergent
situations where no revascularization is performed, coil
embolization via the brachial artery can be performed if an
endoleak persists at follow-up imaging.
When performing these operations, a few technical tips
may help reduce the risk of complications. One of themajor
risks of either of these procedures is a phrenic nerve injury.
The phrenic nerve is visualized coursing over the anterior
scalene muscle as the scalene fat pad is retracted laterally.
The phrenic nerve should be mobilized from the anterior
scalene and gently retracted while the muscle is divided.
Injury to this nerve occurs less than 5% of the time, but
patients may present with dyspnea or an elevated ipsilateral
hemidiapragm.14 Transposition of the subclavian to the
carotid may have a somewhat lower risk of injury if the
anterior scalene is not divided. The thoracic duct should be
seen coursing from posterior to anterior at the junction of
the internal jugular and subclavian veins. We routinely
ligate the thoracic duct to decrease the risk of inadvertent
injury and postoperative lymph leak. Horners syndrome
and vocal cord palsy from retraction have also been de-
scribed.12
THORACIC ANEURYSM INVOLVING OR
ENCROACHING ON A VERTEBRAL ARTERY
ORIGINATING FROM THE ARCH
The left vertebral artery may arise from the arch of the
aorta in up to 7% of the population.15,16 It usually arises
between the takeoff of the left carotid artery and the left
subclavian artery, and there is often very little room be-
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subclavian artery needs to be covered by a graft to achieve
an adequate landing zone the vertebral artery origin usually
needs to be covered as well. Reconstruction is necessary
because of the risk of a posterior circulation stroke as well as
left upper extremity ischemia. The left vertebral artery
becomes themain collateral circulation to the left armwhen
the left subclavian artery is occluded at the arch. Revascu-
larization is also important to help maintain collateral cir-
culation to the spinal cord and decrease the incidence of
spinal cord ischemia if covering a large portion of the
descending thoracic aorta.
The best reconstruction in these patients is transposi-
tion of the left subclavian artery to the carotid with subse-
quent aberrant vertebral artery transposition to the subcla-
vian or carotid arteries (Fig 2). The subclavian artery may
be easily mobilized to the carotid artery for a transposition
when there is no vertebral artery originating from it. A
carotid-subclavian bypass may also be performed with an
associated vertebral artery transposition.
THORACIC PATHOLOGY INVOLVING OR
ENCROACHING ON THE LEFT COMMON
CAROTID ARTERY ORIGIN
Coverage of the left common carotid artery without
revascularization should be avoided. When partial coverage
is needed, endovascular stenting may be performed as
described in subsequent articles. When complete coverage
of the left common carotid artery origin is deemed neces-
sary for an adequate landing zone and proximal seal, open
revascularization should be performed prior to TEVAR to
Fig 1. A left subclavian-carotid bypass using polytetrafluoroeth-
ylene (PTFE) was done preoperatively in a patient with a thoracic
aneurysm encroaching on the left subclavian artery. The subclavian
artery was ligated and subsequent thoracic endovascular aneurysm
repair (TEVAR) was performed to exclude the aneurysm.limit the risk of cerebral ischemia. The most commontechnique utilized for revascularization is a carotid-carotid
bypass. This is performed from and to the common carotid
arteries using a ringed prosthetic polytetrafluoroethylene
(PTFE) conduit tunneled through the retroesophageal
space (Fig 3). A 6-mm graft is usually used as a larger graft
may compress the cervical esophagus leading to dysphagia.
Other described complications of the procedure include
bleeding, transient ischemic attacks, and stroke.17 These
reconstructions have good outcomes with 3-year primary
and secondary patency rates of 88% and 92%, respectively.17
An anterior tunnel can also be created with potentially
lower operative risk, but there is significant concern of graft
compression or damage in the anterior neck. For patients
who do not have adequate right common carotid artery
inflow, other bypass options may be required. These in-
clude right subclavian-carotid bypass (Fig 3) or axillary-
carotid bypass.16
Another option that has been described involves ob-
taining inflow from the left common femoral artery and
performing sequential reconstructions to the left subcla-
vian, axillary, and carotid arteries.18,19 This more extensive
reconstruction with femoral inflow is likely to have a lower
long-term patency rate than a carotid-carotid bypass or
other arch reconstructions, but it is a reasonable alternative
if the right carotid and subclavian arterial systems are a poor
inflow source for an arterial bypass and the patient is not a
candidate for a more central (ascending aorta) inflow pro-
cedure.
THORACIC ANEURYSMS ENCROACHING OR
INVOLVING ALL AORTIC BRANCHES
Complete aortic arch debranching procedures. Patients
with arch aneurysms that involve the portion of the arch
adjacent to the brachiocephalic artery may require total
aortic arch debranching to obtain an adequate proximal
attachment and seal zone in the ascending aorta and across
the orifice of the brachiocephalic artery. Inflow sources may
include the femoral arteries, the proximal ascending arch
distal to the coronary arteries, and the descending thoracic
aorta distal to the planned TEVAR.18-20 Patients with a
healthy, noncalcified, normal sized ascending aorta can
undergo a median sternotomy, a partial sternotomy, or
potentially, a right thoracotomy (in patients who have had
a prior sternotomy) to access the ascending aorta or an old
graft in that position. A bypass using a bifurcated graft
(usually a 12-mm or 14-mm polyester bifurcated graft) or
tube graft (usually an 8- or 10-mm polyester graft) can be
anastomosed to the ascending aorta after partial cross-
clamping of the inflow vessel.19,20 A tube graft with other
branches may avoid potential graft/limb compression in a
small substernal space compared with a bulkier bifurcated
graft. The graft can be placed behind the innominate vein if
the anatomy allows. Often, the space is tight and placement
of the graft anterior to the innominate vein has not been
associated with venous compression. This technique is well
tolerated by even marginal patients from a cardiovascular
standpoint and can provide inflow for a variety of arterial
bypasses to aortic arch branches in patients with complex
to lef
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aneurysm exclusion. In patients who have diseased ascending
arches, a bypass from the descending aorta or femoral-to-
axillary bypasses (unilateral or bilateral), in combination with
some of the previously mentioned supraclavicular arterial
reconstructions (carotid-carotid, subclavian-carotid, and
subclavian-subclavian bypasses), can be used to reconstruct
the critical aortic arch branches. These reconstructions are
rarely performed and likely have lower patency rates than
reconstructions originating from the ascending aorta.
A recent article by Antoniou et al reviewed the litera-
ture of a published series of thoracic arch pathology re-
paired by hybrid repair with supra-aortic debranching and
thoracic endovascular graft placement.21 Initial technical
success rate in the 195 patients reviewed was 86%. These
procedures weremost commonly complicated by endoleak,
vessel perforation, or hemorrhage. Mortality in these pa-
tients was 9%, most commonly by cardiac related death.
There was a 20% morbidity rate and a 7% incidence of
stroke. Overall, long-term data are needed for this tech-
nique, which still has significant morbidity and mortality.
Isolated elephant trunk creation. Patients that re-
quire coverage of all aortic arch branches but have a rela-
tively normal ascending aorta can also undergo the place-
ment of an elephant trunk at and just distal to the aortic
branches to serve as the proximal landing zone of the
endovascular graft (Fig 4). This procedure has the advan-
tage of placing a polyester graft of a chosen length and
diameter to serve as the best possible proximal attachment
for the endovascular graft with just using a median sternot-
omy incision. Additionally, the patency rate of this recon-
struction is thought to be better than any debranching
procedure given the larger diameter of the grafts.22,23 On
the other hand, the limitations of this technique are its
higher level of complexity and perioperative risk of the
elephant trunk placement when compared to a debranch-
ing procedure. Elephant trunk creation vs full aortic de-
Fig 2. A left dominant vertebral off the arch complicati
shown coming between the left common carotid (open
erative angiogram. B, Selective angiogram of vertebal co
carotid transposition and vertebral artery transpostitionbranching has not been compared to date to better under-stand the short- and long-term results of these two
techniques. In general, the placement of an elephant trunk
should only be considered for patients that are at low risk of
complications from the extensive procedure. In our series
of these elephant trunk procedures, 10 patients were iden-
tified during a 4-year period. Technical success was
achieved in all cases. There were no cases of perioperative
paraplegia or strokes. One patient died within 30 days after
discharge from the hospital. During follow-up, one patient
had successful endovascular treatment of a type IB en-
doleak 38 months after the initial surgery. The remaining
nine patients are all alive with a mean follow-up of 28
months (range 1-46).24 Our outcomes appear to be in line
with other reported results of hybrid elephant trunk proce-
dures.22,25,26 The largest reported series from the Cleve-
land Clinic group showed a perioperative mortality of
4.5%.25 These hybrid procedures have the potential to
decrease the morbidity and mortality associated with such
extensive arch and thoracic aneurysm repairs.
COMBINED ASCENDING AND DESCENDING
AORTIC PATHOLOGY
The most complex cases involve patients with com-
bined ascending and descending arch aneurysms. Histori-
cally, these patients required open repair of the ascending
aneurysm with an associated elephant trunk through a
median sternotomy and a secondary left thoracotomy to
correct the remaining descending aneurysm. These patients
have been increasingly treated with combined open and
endovascular techniques if possible. If the patient is a
suitable candidate for hypothermic cardiac arrest and as-
cending arch reconstruction with an elephant trunk tech-
nique, a one- or two-stage procedure can be used. The
descending thoracic aneurysm repair can be performed
with an endovascular graft if the patient has a good distal
landing zone, using the elephant trunk as the proximal
landing zone.22 The creation of a long elephant trunk (at
horacic aneurysm. A, The left vertebral artery (arrow) is
) and left subclavian artery (arrowhead) on an intraop-
off arch. C, Postoperative angiogram after subclavian-
t subclavian artery.ng a t
arrow
mingleast 5 cm) is recommended for stable proximal attachment
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(B) of a patient with an aneurysm, which required endograft
coverage of the left carotid artery. The patient underwent a preop-
erative right-to-left carotid-carotid bypass and left carotid-subclavian
bypass with left carotid ligation and coil embolization of proximal
carotid artery.Fig 4. Two-stage elephant trunk reconstruction. A, Magnetic
resonance angiogram three-dimensional imaging after elephant
trunk placement. B, Angiogram after second stage thoracic en-
dograft deployment showing exclusion of aneurysm.
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vary depending on the length of the aneurysm treated to
avoid folding and kinking of the polyester graft within the
descending thoracic aneurysm. The graft used should be of
a size (preferably between 24 and 34 mm in diameter) to
accommodate one of the available thoracic endovascular
graft components. If the diameter of the elephant trunk
matches the distal landing zone in diameter, a single long
thoracic component can potentially be used to complete
the reconstruction. The access into the elephant trunk may
be difficult from the femoral artery or iliac access because
the polyester graft is free floating in the descending thoracic
aorta, and antegrade access from the ascending aorta
should be considered. It is useful to place marker clips or
other radiopaque markers at the end of the graft for easier
radiographic visualization. Cannulation can still be difficult
and it may be easier and sometimes necessary to access
across the elephant trunk from the right brachial approach.
Additionally, having a through and through wire will help
guide the device through the mobile elephant trunk in
difficult situations. It is important to avoid infolding of the
material during manipulation and endovascular graft de-
ployment. Angioplasty of the elephant trunk to stretch it
and take the folds away may be useful before deployment of
the endovascular graft.
The time between first and second stage procedures
should attempt to be minimized to decrease risk of associ-
ated rupture.27 If a one-stage procedure is planned, we
prefer an antegrade access as it avoids the potential compli-
cations of femoral or iliac access, and it is associated with an
easier cannulation through the elephant trunk graft. We
have used a graft side arm or conduit, often used for
temporary bypass during the arch reconstruction, for this
purpose.22 The side arm needs to be at least 10 mm in
diameter to fit all potential thoracic endovascular grafts and
should be in line with the distal anastomosis of the elephant
trunk to allow easy endovascular manipulation and deploy-
ment of the thoracic graft. Midterm results using this
procedure have been promising with some series showing
no deaths with mean follow-up at 14 months.28 The “fro-
zen” elephant trunk technique has been described in the
literature where through a median sternotomy under cir-
culatory arrest, the arch is opened and a stent graft is placed
down the descending aorta prior to repair of the proximal
arch. We prefer a two-stage elephant trunk operation with
endovascular completion or a single stage repair using a
conduit off the proximal arch, because of an increased
evidence of paraplegia and mortality in most case series
using the frozen elephant trunk technique.29-32
TREATMENT OF AORTIC PATHOLOGY WITH
ABERRANT ARCH ANATOMY
There are several variations and anomalies in aortic arch
anatomy that need to be recognized preoperatively and
addressed when considering arch vessel reconstruction for
TEVAR. The most common variation is beneficial to endo-
vascular graft placement, which is a common orifice of the
innominate artery and the left carotid artery (16% of thetime) and a “bovine arch” where there is a common trunk
for the origin of the innominate and left carotid artery.16
These variations may allow more area for adequate proxi-
mal seal at the landing zone of an endovascular graft
without requiring revascularization of the left carotid ar-
tery.
An aberrant right subclavian artery occurs in approxi-
mately 0.5% of patients.16 This most commonly traverses
the midline in a retroesophageal route and typically origi-
nates distal to the left subclavian artery. The most common
reconstruction for this would be a right subclavian transpo-
sition to the right common carotid artery. In cases where
there is common carotid inflow disease, the ascending arch
proximal to the right carotid takeoff may be used to origi-
nate a bypass graft from.16
A right-sided aortic arch is an even rarer aberration,
occurring 0.1% of the time.33 In this anomaly the supra-
aortic branches all come off the ascending arch of the aorta.
The left subclavian artery may originate from a diverticu-
lum, which may be prone to aneurysmal degeneration.33-35
Supra-aortic branches may also pass retroesophageally to
traverse the midline. There have been several case descrip-
tions of hybrid repairs in patients with right-sided aortic
arches. These descriptions range from total arch debranch-
ing procedures with bilateral carotid-subclavian bypasses
and TEVAR33 to a carotid-subclavian bypass followed by
TEVAR to deal with a subclavian arising from an aneu-
rysm.34 The principles and techniques in managing proxi-
mal arch vessels described earlier may be utilized in dealing
with this aberrant anatomy as well. Preoperative planning
and imaging is essential in achieving good outcomes in
patients with this complex aortic anatomy.
CONCLUSION
The goal of hybrid open and endovascular procedures
for dealing with aneurysms involving the aortic arch vessels
is to decrease operative morbidity and mortality. Several of
the studies using these technologies have demonstrated
promising outcomes. The treatment of more complex aor-
tic arch and thoracic aneurysms is evolving rapidly with the
use of extra-anatomic arterial reconstructions to maintain
the patency of important aortic arch branches and lower-
risk endovascular exclusion of complex aneurysms. Preop-
erative imaging and planning is extremely important to
generate good outcomes from these procedures. We ea-
gerly await data on the long-term durability of these ap-
proaches as well as to studies comparing the effectiveness of
debranching vs creation of an elephant trunk for extensive
arch aneurysms. As techniques advance, we can look for-
ward to expanding treatment of complex aortic aneurysms
to more patients in a safer manner.
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